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Abstract 

The aim is to examine the association of lifecourse socioeconomic position (SEP) on circulating levels of D-dimer. Data from 
the 1 958 British birth cohort were used, social class was determined at three stages of respondents' life: at birth, at 23 and at 
42 years. A cumulative indicator score of SEP (CIS) was calculated ranging from 0 (always in the highest social class) to 9 
(always in the lowest social class). In men and women, associations were observed between CIS and D-dimer (P<0.05). Thus, 
the respondents in more disadvantaged social classes had elevated levels of D-dimer compared to respondents in less 
disadvantaged social class. In multivariate analyses, the association of disadvantaged social position with D-dimer was 
largely explained by fibrinogen, C-reactive protein and von Willebrand Factor in women, and additionally by smoking, 
alcohol consumption and physical activity in men. Socioeconomic circumstances across the lifecourse at various stages also 
contribute independently to raised levels of D-dimer in middle age in women only. Risk exposure related to SEP 
accumulates across life and contributes to raised levels of D-dimer. The association of haemostatic markers and social 
differences in health may be mediated by inflammatory and other markers. 
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introduction 

Fibrin D-dimer, the most commonly used clinical assay of 
coagulation activation and in vivo fibrin formation and lysis in 
circulating blood has been associated with increased risk of 
cardiovascular disease. A meta-analysis of prospective studies [1] 
showed an association of circulating levels of fibrin D-dimer with 
coronary heart disease (CHD) that appeared of similar strength to 
that of fibrinogen (a biochemical marker of an existing thrombo- 
philia, which is correlated in part due to associations with 
asymptomatic and symptomatic arterial lesions [2]). While it has 
been suggested that D-dimer and other fibrin(ogen) degradation 
products may have a pro-inflammatory effect [2], the association 
of D-dimer and CHD risk appears independent of inflammatory 
markers, such as fibrinogen, C-reactive Protein (CRP) and 
interleukin-6 [3,4]. Additionally, D-dimer appears to be a 
consistent, independent predictor of recurrent venous thrombo- 
embolism (VTE) [5-7]. Whether or not associations between D- 
dimer and cardiovascular risk are independent of other vascular 
risk factors is controversial. Hemostatic factors proved to be 
directly and independently correlated with the risk of subsequent 
coronary events [8-1 1]. Elevated D-dimer values occur in various 
disorders in which the coagulation system is excessively activated, 
such as acute venous thromboembolism [6,7]. High plasma levels 
of D-dimer have been associated with the incidence of cardiovas- 
cular disease [1,2,8-13], and vascular dementia [14,1,5]. 



Recent studies showed that D-dimer and hemostatic and 
inflammatory markers such as von Willebrand factor (vWF; an 
endothelial marker), CRP and fibrinogen are positively associated 
with atherosclerosis and CHD [2]. Hemostatic markers namely 
vWF and tissue plasminogen activator antigen (t-PA) may be a 
mechanism linking socioeconomic position (SEP) with (CHD) 
[16,17]. We have shown, using data from the 1958 British Birth 
cohort that vWF and t-PA are influenced by early life circum- 
stances in addition to accumulation of adversity [16]. These data 
suggest that mid-life measures of hemostatic markers may reflect 
early life influences. However, this has not been explored in a 
British population. In a study of elderly males, the most deprived 
current social class was associated with elevated levels of D-dimer 
but only in unadjusted models [18], however, this study did not 
investigate the associations of D-dimer with the lifecourse effects of 
SEP in middle aged men and women. The impact of cumulative 
exposure to disadvantage over the lifecourse in addition to time 
sequencing has been hypothesized to be important to health. The 
accumulation hypothesis states that adverse factors occur at 
different stages in life and accumulate over time and critical period 
model argues that early life influences biological development 
independently, this is also known as 'biological programming' [19- 
22]. 

We investigated the effects of SEP measured by occupational 
class at three time points (birth, at 23 and 42 years) throughout the 
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lifecourse on circulating levels of D-dimer measured in adulthood 
(45years) in a cohort of individuals bom in one week in 1958. We 
examined whether the association of D-dimer with SEP is 
cumulative, i.e. the increased exposure to adverse SEP is 
associated with raised levels of D-dimer and whether the 
associations between the accumulation of SEP and D-dimer were 
attributable to major risk factors for CHD. 

Methods 

Ethical approval 

Ethical approval for the medical examination and consent to 
obtain biomedical information was obtained by the 1958 British 
Birth Cohort team from South East MREC (ref 01/1/44). 
Written consent was obtained from each participant to take part in 
the medical examination. 

Data 

The 1958 British Birth Cohort is a continuing longitudinal 
representative survey of predominandy white people (97%) living 
in Great Britain who were bom in one week in 1958. The 
subsequent surveys were collected when participants were aged 7, 
11, 16, 23, 33 and 42 with medical data at 45years. A detailed 
description of the cohort members at age 45 is provided elsewhere 
[23,24]. AU cohort members who were still in contact with the 
cohort study team, and who at age 41^2 had not required a 
proxy interview were invited to participate in a clinical examina- 
tion in their homes at the age of 44-45 years. The target sample at 
age 45 was 11971 people, 75% of the eligible sample of survivors 
and non-emigrants; 9377 people j)arti('ipated in the medical 
survey. Despite attrition people remained representative of the 
original sample, including with respect to blood samples [24] . This 
study is an analysis of previously collected data and therefore 
ethical approval was not required for this study. 

Blood collection and measurement 

Fibrin D-dimer was assessed from venous blood samples that 
were obtained without prior fasting and posted to collaborating 
laboratories [25]. Fibrin D-dimer was measured on stored samples 
at the end of the field study period by ELISA (Hyphen, Paris, 
France) and standardized for interbatch variation. All analytes 
were monitored for intemal quaUty control by Levey-Jennings 
plots during the assay period. The intra-assay and inter-assay 
coefficients of variation for fibrinogen, CRP, vWF and D-dimer 
are acceptable as: 2.6 & 3.7%, 4.7 & 8.3%, 3.3 & 4.2% and 7 & 
8% respectively. 

Health behaviors 

Data on smoking and physical activity were collected by 
questionnaire at age 42. The respondents were classified as never 
smokers, ex-smokers and current smokers. At age 42, participants 
responded to a single quc-stion about the frequenc)' of leisure 
physical activity. Three levels of physical activity were created: 
high (respondents who reported S4 days/week physical activity), 
intermediate (respondents who reported 1-3 days/week physical 
activity) and none/low (respondents who reported no or less 
frequent physical activity). Alcohol consumption at 42 was 
recorded in the following categories: drinking most days of the 
week, 1, 2 or 3 times a week, 1, 2 or 3 times a month, less often 
and never. 

Cardiovascular risk factors 

Measurements of height and weight were recorded during the 
clinical examination. Body mass index (BMI) was calculated as 



weight in kilograms divided by the square of height in meters (kg/ 
m^). The following cut-offs were used to categorize BMI: up to 
normal (BMK25), overweight (BMI 25 or more and less than 30) 
and obese (BMI 30 or more). Blood pressure was measured using 
the Omron 705CP automated sphygmomanometer (Omron, 
Tokyo, Japan). Mean blood pressure was determined for readings 
that the nurse considered to be reliable. Total cholesterol was 
measured by autoanalyser. Fibrinogen and high-sensitivity CRP 
were assayed by immuno-nephelometry (Dade Behring) and vWF 
antigen was measured by ELISA (DAKO) [25] . The Framingham 
risk score was calculated [26] based on the values of total 
cholesterol, HDL cholesterol, systolic and diastolic blood pressure, 
diabetes, age, gender and smoking status. 

Socioeconomic position 

The present report uses occupational class to represent SEP. 
Registrar General's (RG) social class system which is a measure of 
social class based on occupation was measured direcdy from the 
participants when they were adults and from their parents during 
their childhood. The social classes are described as: I-professional 
occupations, II- managerial and technical occupations, IIIN- 
skilled occupations (non-manual), IIIM- skilled occupations 
(manual), IV-partiy-skilled occupations and V-unskiUed occupa- 
tions. For analysis purposes, we have combined social classes I & II 
(SCI) and social classes IV & V (SC4) while other classes are social 
class IIIN; non-manual (SC2) and social class IIIM; manual (SC3). 
Categories were combined in this way because of small numbers in 
some categories of social class. 

A cumulative indicator score of SEP (CIS) during three 
occasions (childhood at birth, early adtdthood at 23 and middle 
of life at 42) was constmcted by means of a total social class 
Ufecourse score ranging from 0 to 9. Social classes (SCI, SC2, SC3 
& SC4) were assigned scores 0, 1, 2 and 3 respectively. These 
scores were added to create the CIS. Hence, CIS ranges from 0 
(O-l-O-l-O, i.e., SC 1 at all three occasions) to 9 (3+3+3, i.e., SC4 at all 
three occasions). Likewise, CIS 1 corresponds to (0+1+0, 0+0+1, 
1+0+0) through to CIS 8 which corresponds to (2+3+3, 3+2+3, 3+ 
3+2). 

Statistical analysis 

Data on D-dimer and social class at birth and at 42 were 
available for 5937 respondents of which 3130 were men and 2807 
were women. The analyses were done separately for men and 
women because of the variations in D-dimer levels between gender 
and also social position based on occupation may have a different 
interpretation for men and women. Normality of D-dimer was 
assessed, and data were log transformed prior to analyses. 
Geometric means are presented, and the natural log of the 
concentrations was used in the regression models. The relationship 
between D-dimer and social class was explored using ANOVA, 
equality of variances was tested by Bartlett test, the differences 
betwcx-n tlu- most deprived and the highest social classes were 
tested using the test command in Stata. Regression analysis was 
used to explicidy test for a trend in the means of the outcome 
variable across social class by entering social class as a continuous 
variable in the model. Mutually adjusted means were determined 
in models with terms present for social class at birth, at 23 and own 
recent (42 years) social class. Unadjusted and adjusted associations 
of accumulation of SEP (CIS) with D-dimer were estimated by 
using simple and multiple regression analysis. The coUinearity 
between variables was checked by the variance inflation factors 
(VIE) which was under the reasonable limits indicating that 
coUinearity was not an issue. The multivariate analyses included 
respondents with complete data on all variables (n = 5367). 
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Table 2. The unadjusted and simultaneously adjusted regression analyses of D-dlmer at 45years with social class at three stages of 
life in the 1958 British birth cohort. 







SC at birth 




SC at 23 




Recent SC (42years) 


P* 


95% CI 


P* 


95% CI 


P* 


95% CI 


Men (n = 3130) 


Unadjusted 


0.02 


0.00-0.04 


0.03 


0.01-0.05 


0.03 


0.01-0.05 


P for trend 


0.032 




<0.001 




0.001 




Adjusted t 


0.01 


-0.01-0.03 


0.02 


-0.00-0.04 


0.02 


-0.00-0.04 


p for trend 


0.36 




0.07 




0.10 




Joint test of sigt 


0.001 












Women (n= 2808) 


Unadjusted 


0.03 


0.01-0.05 


0.02 


-0.00-0.04 


0.03 


0.01-0.04 


P for trend 


0.012 




0.07 




0.004 




Adjusted t 


0.02 


-0.00-0.04 


0.00 


-0.02-0.03 


0.02 


0.00-0.04 


P for trend 


0.05 




0.67 




0.03 




Joint test of sigt 


0.005 













SC, social class; CI, confidence interval. 
* Log transformed regression coefficients (fS). 
"'"Simultaneously adjusted with social class at three occasions. 
^Joint test of significance of social class at three stages of life 
doi:1 0.1 371 /journal.pone.0093277.t002 



Results 

D-dimer and social class 

Mean levels of D-dimer were significantiy higher (P<0.001) in 
women than in men (mean levels were: 186.8 and 137.0 ng/mL in 
women and men, respectively). Table 1 shows the mean 
concentrations of D-dimer with the four categories of social class 
at three time points. A social class gradient at all three time points 
was observed for D-dimer in men (i^O.005). Thus, the 
respondents in more disadvantaged social classes (SC3/SC4) had 
elevated levels of D-dimer compared to respondents in less 
disadvantaged social class (SCI). In women, there was a trend for 
D-dimer by social class at birth and at 42 years, although the trend 
was borderline for social class at 23 (P= 0.071). Bardett test for 
equality of variances was non-significant (P>0.05) indicating that 
the use of ANOVA is appropriate. 

Table 2 shows the results of the regression analyses with social 
class at three occasions fitted individually and simultaneously. In 
men, social class at birth, at 23 and at 42 was not associated with 
D-dimer in mutually adjusted analysis, however the test of joint 
significance was significant (p = 0.001) indicating the collective 
contribution of social class at three occasions on levels of D-dimer 
is significant. In women, social class at 23 was not associated with 
D-dimer in the simultaneously adjusted analyses but social class at 
birth and at 42 remained associated in the adjusted analysis also 
the joint significance test was significant (p = 0.005). 

D-dimer and risk factors for cardiovascular disease 

The association of D-dimer with potential risk factors was 
examined (Table SI). In men, current and ex-smokers had raised 
levels of D-dimer compared with never smokers {P= 0.05). In 
women this association was not significant. Levels of physical 
activity were not associated with D-dimer levels. Alcohol 
consumption was negatively associated with levels of D-dimer. 
D-dimer levels were lowest among normal weight people 
compared to overweight and obese. A gradient in D-dimer levels 
across the tertiles of Framingham score, fibrinogen, CRP and vWF 



were observed for men and women (P<0.001) such that mean D- 
dimer levels were higher for those in the medium and highest 
tertUe compared to the lowest tertUe. Positive correlations were 
observed between D-dimer and CRP (0.14), fibrinogen (0.18) and 
vWF (0.18). 

Analyses examining each risk factor and CIS score (table 3) 
indicate that those belonging to CIS 0 (always been in the highest 
social class) had the lowest mean Framingham score, fibrinogen, 
CRP and vWF levels, low prevalence of current smoking, low rates 
of physical inactivity, higher consumption of alcohol and low 
prevalence of obesity compared to those with higher CIS scores 
(P<0.01). 

Multivariate analyses of D-dimer with social class 

Unadjusted (Model 1) and risk factor adjusted associations of D- 
dimer with CIS are shown in Table 4. CIS was associated with 
logarithmic concentrations of D-dimer in both sexes (men: 
P = 0.016, P<0.001) and (women: P = 0.014, P= 0.002) (regression 
coefficient P represents the change in logarithmic concentration of 
D-dimer per one score change in CIS. 

In Model 2 (Model 1 + smoking, physical activity and alcohol 
intake), the association of CIS with D-dimer was robust to further 
adjustment for health behaviors (P<Q.05). In men and women, the 
associations between CIS and D-dimer became non-significant 
when adjusted with fibrinogen, CRP and vWF (Model 3). These 
associations were similar with and without inclusion of fibrinogen. 
The associations between D-dimer and CIS are shown in Model 4 
following adjustment with Framingham risk score and BMI; in 
men D-dimer remained significantiy associated with CIS while in 
women it became non-significant. The associations between D- 
dimer and CIS became non-significant when adjusted with all the 
factors (Model 5: health behaviors, inflammatory markers and 
cardiovascular risk factors). 

Health behaviors explained 3 1 % of the gradient in men and 
29% in women while inflammatory markers (fibrinogen, CRP and 
vWF) explained 56% and 79%i respectively in men and women 
and abolished the association between D-dimer and CIS. 
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Framingham score and BMI explained 25% of the gradient in 
men and 43% in women (non-significant trend). Wlien all the 
above mentioned factors were adjusted together they explained 
63% of the gradient in men and 93% in women to a non- 
significant trend. Obtained from the final model (Model 5), the 
proportion of variance of log D-dimer explained by socioeconomic 
position (CIS) was 8% in men and 13% in women. A sensitivity 
analysis was also conducted by excluding those with heart or 
kidney diseases from our analyses (10% of the total sample) and 
the results remained unchanged. 

Respondents with a high score of CIS had higher mean levels of 
D-dimer compared with those with a score 0. When adjusted with 
additional risk factors the pattern becomes weaker and non- 
significant (Table S2). 

Discussion 

Our results indicate that there are social differences in the level 
of D-dimer, such that increased exposure to adverse SEP across 
the lifecourse is associated with elevated levels of D-dimer in the 
mid- life. However, these associations were largely, explained by 
CRP, fibrinogen and vWF and other traditional CHD risk factors. 
We found that socioeconomic circumstances across the lifecourse 
also contribute independentiy to raised levels of D-dimer in middle 
age among women but not in men. 

The magnitude of the difference in D-dimer levels between the 
most advantaged and most disadvantaged groups was substantial 
and accord with a potential role for D-dimer in the pathways that 
mediate increased cardiovascular risk in disadvantaged social 
groups. One possible explanation might be that as D-dimer reflects 
fibrinogen levels as it is a measure of fibrin turnover and it has 
been shown that fibrinogen levels were raised among those in 
lower concurrently assessed measures of social position [27-29]. 
We are in line with other studies [2] that report the positive and 
significant correlations between D-dimer and fibrinogen. Howev- 
er, our fmdings are not driven by this correlation suggesting that 
inflammatory processes account for much the pro-coagulant state 
in those with disadvantaged social position assuming there are no 
measurement issues. Additionally we observe positive associations 
with CRP fibrinogen and vWF which supports our hypothesis that 
there may be a link between these respective markers of 
inflammation and D-dimer in middle-aged men and women. 

A recent study has shown that high levels of education and 
occupation tended to be associated with lower risks for VTE [30] . 
Ill another study both persistent stress and low occupational class 
were independentiy related to future pulmonary embohsm: the 
mechanisms are unknown, but effects on coagulation and 
fibrinolytic factors are likely [31]. Our report shows the lack of 
step-wise gradient in CIS in addition to the fact that mostly, D- 
dimer did not survive full mutual adjustment with SEP at three 
time points indicating that the effects of accumulation and critical 
periods are interrelated in our report particularly among women 
which is in line with the findings reported by Hallqvist et al. [21] 
and Tabassum et al. [16]. 

D-dimer levels are associated with smoking, physical inactivity, 
alcohol consumption and all other risk factors used in the analyses. 
Our results following adjustment for these measures show a 
reduction in the strength of D-dimer with the accumulation of 
social class, which argues for health behaviors and the CHD risk 
factors used in this study as partial mediators of social differences 
in CHD. Our study suggests that disadvantaged social position is 
accompanied by a pro-coagulant and pro-inflammatory profile 
that is distinct from a metabolic profile described in other studies 
to be associated with social disadvantage [27]. This pro-coagulant 



6 



May 2014 | Volume 9 | Issue 5 | e93277 



Lifecourse Social Position and D-Dimer 



Table 4. Change in the regression coefficient of Cumulative Indicator Score of SEP (CIS) In association with D-dimer without- and 
with-adjustments with risk factors in the 1958 British Birth Cohort. 





Models 


Men (n= 2832) 






Women (n = 2535) 






/■coefficient* 


% change in / coefficient! 


P trend 


/■coefficient 


% change in /coefficient 


P trend 


1 


0.016 




<0.001 


0.014 




0.002 


2 


0.011 


31.25% 


0.01 


0.010 


28.57% 


0.04 


3 


0.007 


56.25% 


0.07 


0.003 


78.57% 


0.53 


4 


0.012 


25% 


0.004 


0.008 


43% 


0.09 


5 


0.006 


63% 


0.16 


0.001 


92.86% 


0.82 



Model 1: Association between D-dimer and Cumulative Indicator Score of SEP (CIS). 
Model 2: Model 1 plus smoking, physical activity and alcohol consumption. 
Model 3: Model 1 plus fibrinogen, C-reactive protein and vWF. 
Model 4: Model 1 plus Framingham risk score and BMI. 
Model 5: Model 1 plus all the factors mentioned above. 

* Each unstandardlsed regression coefficient {/^) represents the amount of change in the logarithmic concentration of D-dimer for an increase in CIS. 
^This is the change in the regression coefficient of CIS in the regression models compared to Model 1 e.g., ((/^ Model i ^ Model 2}//^ Model i)*10. 
doi:l 0.1 371/journal.pone.0093277.t004 



and pro-inflammatory profile appeared to be related to some 
health behaviors (smoking, physical activity and alcohol consump- 
tion) in men [32,33]. It is possible that sub-cIinical iU health is 
mediating some of the relationship between social position and D- 
dimer. However, the failure of metabolic markers and measures of 
health such as hypertension to explain the social gradient in D- 
dimer suggests that these health behaviors do not contribute. 

The strengths and limitations of our study need to be 
considered. First, the findings were based on a large scale national 
level survey in Britain. Secondly, D-dimer was measured in a large 
cohort of similar age and ethnicity. Other limitations to this study 
which need to be considered. First, not all the respondents who 
were part of the perinatal survey in 1958 were seen at foUow-up. 
However, previous work reports that biases between respondents 
and non-respondents are negligible in this cohort [24] . We did not 
have other measures of CHD status to control the associations of 
D-dimer with SEP as well as we cannot adjust for underlying co- 
morbidities, for example atherosclerosis. However, sensitivity 
analyses indicate that comorbidities such as heart or kidney 
diseases do not affect the associations between D-dimer and SEP 
in our sample. Additionally, we did not have repeated measures of 
D-dimer and therefore could not examine change in D-dimer with 
the change in SEP, Any future research on this topic should 
address the associations of D-dimer levels with social mobility. 
Finally, we did not address the issue of reverse causation, i.e. the 
possibility that poor sub-clinical health caused lower social class. 

Conclusions 

In conclusion, there is an association of D-dimer and social 
position such that disadvantaged social class across the lifecourse is 



associated with raised levels of D-dimer. In multivariate analyses, 
the association of disadvantaged social position with D-dimer was 
largely explained by C-reactive protein and von Willebrand Factor 
in women, and additionally by smoking, physical activity and 
alcohol consumption in men. The association of haemostatic 
markers with social class may be mediated by inflammatory and 
other markers. 
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Table SI Associations of risk factors with D-dimer, 
geometric means (ng/mL) and standard deviations are 
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D-dimer levels (ng/mL) at 45 years by the cumulative 
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(DOCX) 

Acknowledgments 

The authors have fuU access of the data and take responsibility for the 
integrity of the data and accuracy of the analysis. 

Author Contributions 

Conceived and designed the experiments: FT MK GL. Analyzed the data: 
FT. Contributed reagents/materials/analysis tools: AR GL. Wrote the 
paper: MK FT AR CP DPS GL. 



References 

1. DaneshJ, Whincup P, Walker M, Lennon L, Thomson A, et al. (2001) Fibrin D- 
dimcr and coronary heart disease: prospective study and meta-analysis. 
Circulation 1.5: 2323-7. 

2. Lowe GD, Yarnell JW, Rumley A, Bainton D, Swectnam PM (2001) C-reactive 
protein, fibrin D-dijner, and incident ischemic heart disease in the Speedwell 
study; are mflammation and fibrin turnover linked in pathogenesis? Arterioseler 
Thromb Vase Biol 21: 603-10. 

3. Lowe GD, Yarnell JW, Sweetnam PM, Rumley A, Thomas HF, et al. (1998) 
Fibrin D-dimer, tissue plasminogen activator, plasminogen activator inhibitor, 
and the risk of major ischaemic heart disease in the Caerphilly Study. Thromb 
Hacmo,st 79: 129-3.3. 



4. Lowe GD, Rumley A, McMahon AD, Ford I, O'Reilly DS, et al. (2004) 
Interleukin-6, fibrin D-dimer, and coagulation factors VII and Xlla in 
prediction of coronary heart disease. Arterioseler Thromb Vase Biol 24: 
1529-34. 

5. Palareti G, Lcgnani C, Cosmi B, Valdre L, Lunghi B, et al. (2003) Predictive 
value of D-dimer test for recurrent venous thrombocmbohsm after anticoagu- 
lation withdrawal in subjects with a previous idiopathic event and in carriers of 
congenital thrombophilia. Circulation 108: 313-8. 

6. Eiehinger S, Minar E, Bialonczyk C, Hirschl M, Quehcnberger P, et al. (2003) 
D-dimer levels and risk of recurrent venous thromboembohsm. JAMA 290: 
1071^. 



PLOS ONE I www.plosone.org 



7 



May 2014 | Volume 9 | Issue 5 | e93277 



Lifecourse Social Position and D-Dimer 



7. Cosmi B, Palarcti Q (2005) D-dimrr, oral anticoagulation, and venous 
thromboembolism recurrence. Semin Vase Med 5: 365—70. 

8. Montebugnoli L, Servidio D, Miaton RA, Prati C, Tricoci P, et al. (2004) Poor 
oral health is associated with coronary heart disease and elevated systemic 
inflammatory and haemostatic factors. J Clin Periodontol 31: 25—9. 

9. Montebugnoli L, Servidio D, Miaton RA, Prati C, Tricoci P, et al. (2005) 
Periodontal health improves systemic inflammatory and haemostatic status in 
subjects with coronary heart disease. J Clin Periodontol 32: 188-92. 

10. Wannamethee SG, Whincup PH, Shaper ACi, Rumley A, Lcnnon L, et al. 
(2009) Circulating inllammator\' and hemostatic biomarkers are associated with 
risk of myocardial infarction and coronary death, but not angina pectoris, in 
older men. J Thromb Haemost 7: 1605-1 1. 

11. Woodward M, Rumley A, Welsh P, MacMahon S, Lowe G (2007) A 
comparison of the associations between seven hemostatic or inflammatory 
variables and coronary heart disease. J Thromb Haemost 5: 1795-800. 

12. Smith A, Patterson C, YameU J, Rumley A, Ben-Shlomo Y, et al (2005) Which 
hemostatic markers add to the predictive value of conventional risk factors for 
coronary' heart disease and ischemic stroke? The Caerphilly Study. Circulation 
112: 3080-7. 

13. Morange PE, Bickel C, Nicaud V, Schnabel R, Rupprecht HJ, et al. (2006) 
Haemostatic factors and the risk of cardiovascular death in patients with 
coronarv artery disease: the AtheroGene studv. Arterioscler Thromb Vase Biol 
26: 2793 9. 

14. Quinn IJ, Gallachcr J, Deary IJ, Lowe CD, Fcnton C, et al (201 1) Association 
between circulating hemostatic measures and dementia or cognitive impairment: 
systematic review and meta-analyzes. J Thromb Haemost 9: 1475-82. 

15. Carcaillon L, Gaussem P, Ducimetiere P, Giroud M, Ritchie K, et al. (2009) 
Elevated plasma fibrin D-dimer as a risk factor for vascular dementia: the Three- 
City cohort study. J Thromb Haemost 7: 1972-8. 

16. Tabassum F, Kumar! M, Rumley A, Lowe G, Power C, et al. (2008) Effects of 
socioeconomic position on inflammatory and hemostatic markers: a life-course 
analysis in the 1958 British birth cohort. AmJ Epidemiol 167: 1332-41. 

17. Kumari Ad, Marmot M, Brunner E (2000) Social determinants of von willebrand 
factor: the Whitehall 11 study. Arterioscler Thromb Vase Biol 20: 1842-7. 

18. Ramsay S, Lowe GD, Whincup PH, Rumley A, Morns RW, et al. (2008) 
Relationships of inflammatory and haemostatic markers with social class: results 
from a population-based study of older men. Atherosclerosis 197: 654—61. 

19. Ben Shlomo Y, Kuh D (2002) A life course approach to chronic disease 
epidemiology: conceptual models, empirical chgdlenges and interdisciplinary 
perspectives. IntJ Epidemiol 31: 285-93. 

20. Blane D, Hart CE, Smith GD, Gilhs CR, Hole DJ, et al. (1996) Association of 
cardiovascular disease risk factors with socioeconomic position during childhood 
and during adulthood. BMJ 313: 1434^. 



21. Kuh D, Smith GD (2004) The life course and adult chronic disease: an historical 
perspective with particular reference to coronary heart disease. In: Kuh D, Ben 
Shlomo Y, cds. A life course approach to chronic disease epidemiology. New York: Oxford 
University Press. p:15— 41. 

22. HaUqvist J, Lynch J, Bartiey M, Lang T, Blane D (2004) Can we disentangle life 
course processes of accumulation, critical period and social mobility? An analysis 
of disadvantaged socio-economic positions and myocardial infarction in the 
Stockholm Heart Epidemiology Program. Soc Sci Med 58: 1555-62. 

23. Power C, Athcrron K, Strachan DP, Shepherd P, EuUer E, et al. (2007) Life- 
course influences on health in British adults: elfccts of socio-economic position in 
childhood and adulthood. IntJ Epidemiol 36: 532-9. 

24. Atherton K, FuUer E, Shepherd P, Strachan DP, Power C (2008) Loss and 
representativeness in a biomedical survey at age 45 years: 1958 British birth 
cohort. J Epidemiol Community Health 62: 216 23. 

25. Rudnicka AR, Rumley A, Lowe GD, Strachan DP (2007) Diurnal, seasonal, and 
blood-processing patterns in levels of circulating fibrinogen, fibrin D-dimer, C- 
reactive protein, tissue plasminogen activator, and von WiUebrand factor in a 
45-year-old population. Circulation 115: 996—1003. 

26. Wilson PW, D'Agostmo RB, Lc\y D, Belanger AM, Silbershatz H, et al. (1998) 
Prediction of coronary heart disease using risk factor categories. Circulation 97: 
1837-47. 

27. Brunner E, Davey SG, Marmot M, Canner R, Beksinska M, et al. (1996) 
Childhood social circumstances and psychosocial and behavioural factors as 
determinants of plasma fibrinogen. Lancet 347: 1008-13. 

28. Jousilahti P, Salomaa V, Rasi V, Vahtera E, Palosuo 4' (2003) Association of 
markers of systemic inflammation, C reactive protein, serum amyloid A, and 
fibrinogen, with socioeconomic status. J Epidemiol Community Health 57: 730— 
3. 

29. Koster A, Bosma H, Penninx BW, Newman AB, Harris TB, et al. (2006) 
Association of inflammatory markers with socioeconomic status. J Gerontol A Biol 
Sci Med Sci 61: 284-90. 

30. Zoller B, Li X, Sundquist J, Sundquist K (2012) Socioeconomic and 
occupational risk factors for venous thromboembolism in Sweden: A nationwide 
epidemiological study. 4'hromb Res 129: 577-82. 

31. Rosengren A, Wilhelmsen L, Welin L, 4'sipogianni A, 4'egcr-Nilsson AC, ct al. 
(1990) Social influences and cardiovascular risk factors as determinants of 
plasma fibrinogen concentration in a general population sample of middle aged 
men. BMJ 300: 634-8. 

32. Pieper CF, Rao KM, Currie MS, Harris TB, Cohen HJ (2000) Age, functional 
status, and racial differences in plasma D-dimer levels in community-dwelling 
elderly persons. J Gerontol A Biol Sci Med Sci 55:M649-M657. 

33. Yarnefl JWG, Sweetnam PM, Rumley A, Lowe GDO (2000) Lifestyle and 
Hemostatic Risk Factors for Ischemic Heart Disease: The Caerphflly Study. 
Arteriosclerosis, Thrombosis, and VasciflEir Biology 20: 271—9. 



PLOS ONE I www.plosone.org 



8 



May 2014 I Volume 9 | Issue 5 | e93277 



